Abstract. The aim of this study was to define concentration changes of soluble adhesion molecules (sICAM-1, sVCAM-1 and sE-Selectin) in cerebrospinal fluid and plasma, as well as, number of peripheral blood leukocytes and the albumin coefficient in the patients with the acute brain infarction. We also, analyzed the correlation between the measured levels, the infarct volume and the degree of neurological and the functional deficit. The study included 50 patients with the acute cerebral infarction and the control group consisted of 16 patients, age and sex matched. Obtained results showed significant increase in number of leukocytes, the albumin coefficient and the level of soluble adhesion molecules within the first seven days in patients. The highest values of measured parameters were noted within the third and the fourth day after the insult, which is the suggested period of maximal intensity of inflammatory reactions. Significant correlation was found between measured parameters and the infarct volume, the degree of neurological and the functional deficit. The results suggest that investigated parameters in CSF and blood represent a dynamic index of inflammatory events as one of the fundametal mechanisms responsible for neuron damage during acute phase of brain infarction.
Introduction
Inflammatory mechanisms play an important role in the risk of stroke and during the acute phase of brain ischemia, which contributes to functional outcome of patients. Systemic inflammatory mechanisms are associated with higher risk of stroke and vascular recurrences after a first ischemic stroke. Several inflammatory molecules are implicated during the acute phase of ischemic stroke, such as cytokines and adhesion cell molecules. Inflammatory cytokines and adhesion molecules are related to the presence of early neurological deterioration and infarct volume [34] .
Inflammation is important part in pathogenesis of acute brain ischemia [12, [22] [23] [24] [25] . Experimental studies showed that peripheral blood leukocytes migrate into the brain parenchyma within the first hours after ischemia [1, 11, 13, 17] . Leukocytes contribute to the development of ischemic brain injury by causing capillary plugging, reducing cerebromicrovascular blood flow, increasing microvascular permeability, and secreting a different toxical mediators including reactive oxygen species, leukotrienes, cytokines, chemokines and cytotoxical enzymes which expanded the existing damage to surrounding tissue [16, 27, 33, 40] .
Peripheral blood leukocytes migration requires prior adhesion to cerebral endothelial cells. This process is mediated by adhesion molecules on the sur-face of cerebral endothelial cells and leukocytes [23, 30] . During the acute cerebral ischemia three different adhesion molecules have emerged as key players in leukocytes-endothelial interactions: intercellular adhesion molecule 1 (ICAM-1) responsible for adhesion of mononuclear cells and granulocytes; vascular cell adhesion molecule 1 (VCAM-1) predominantly mediated adhesion of monocytes; and endothelial leukocyte adhesion molecule (E-Selectin) expressed at endothelial cells and facilitated adhesion of monocytes and granulocytes [1, 3, 19, 20, 23, 30] . Under physiological conditions, adhesion molecules are scarcely expressed on the cell surface. Different pathophysiological processes might induce their expression [19, 20, 23] . Circulating, soluble forms of the adhesion molecules are formed as proteolytic release of their extracellular domains [3, 20, 30] . The role of these soluble adhesion molecules in the acute cerebral ischemia in humans is not completely understood. Clinical data on adhesion molecule responses in cerebral ischemia are limited when compared with experimental studies. Longitudinal studies in human cerebrospinal fluid (CSF) and peripheral blood are rare. Inflammatory adhesion molecules play a key role in the development of ischemic lesions. Elevated plasma concentrations of soluble adhesion molecules are reported in stroke patients, but data are still controversial.
The aim of this study was to define time-dependent concentration changes of soluble adhesion molecules (sICAM-1, sVCAM-1 and sE-Selectin) in CSF and plasma, as well as, the number of peripheral blood leukocytes and albumin coefficient in the patients with the acute brain infarction. We also, analyzed the correlation between the measured levels, the infarct volume, and the degree of neurological and the functional deficit. Practical contribute of these investigations is that relatively simple determination of biochemical parameters in body fluids could help in early diagnosis of ischemic insult and prognosis of its outcome.
Methods

Patients
The study included 50 patients, 28 men and 22 woman, mean age 64 ± 7 years with the acute brain infarction. All patients had their first ever stroke and had a history of hypertension, hypercholesterolemia and diabetes, but without pre-treatment (such as statins or antiplatelet drugs) that can influence in the expression of inflammatory markers. The procedures followed were in accordance with the Helsinki Declaration of 1975, also, after ethical committee and institutional approval, an informed consent was obtained from all patients before study entry. The diagnosis was established based on medical history, clinical examination, and cerebral CT scans in each single patient. In all the patients, a detailed neurological examination was performed at the hospitalization and every day during the first seven days after the onset of symptoms. Patients with presence of infections, other cerebral, inflammatory, pulmonary, hepatic, renal and malignant diseases, or immunosuppressive treatment, were excluded.
Cerebral CT scan was performed in all patients between 5th and 7th day after the onset of symptoms. Infarction volume was expressed by the largest diameter of hypodense area (cm). The degrees of neurological and functional deficit during the acute phase were evaluated by appropriate neurological scales: Canadian neurological scale and Barthel index [7, 36] . Canadian neurological scale measures level of consciousness, aphasia, orientation, facial paresis and power in arm, hand and leg on score from 1.5 (maximum deficit) to 10 (absence of deficit). The functional impairment was objectified by the Barthel index indicating the everyday ability of self-supply (score range between 0, i.e. complete dependence for activities of daily life, and 20, i.e. no disability).
This evaluation was performed immediately after the blood and CSF samples were obtained. The degree of clinical expression of the brain infarction was determined by the Grotta scale -scale of clinical evaluation severeness of brain infraction (Mild, Moderate, Severe) [18] . Base on that, the study included 14 patients with mild, 21 with moderate and 15 patients with severe brain infarction.
The control group included 16 patients age and sex matched, subjected to diagnostic lumbar radiculography after the sudden onset of motor deficiency. Only patients without obstruction in the CSF passage and without history and clinical examination evidence of current inflammatory, renal, hepatic, pulmonary, malignant or psychiatric diseases and therapy were included in the study.
Soluble adhesion molecules concentration, number of leukocytes and albumin coefficient in patients with brain infarction were measured within the first seven days. The blood and CSF samples were obtained at 1-2 days (16 patients), 3-4 days (19 patients), and 5-7 days (15 patients) after the onset of infarction symptoms, according to admission at the Neurological Clinic. Patients in each group had comparable basal char-acteristics. First group (1-2 days) was consist of 4 patients with mild, 7 patients with moderate, and 5 patients with sever brain infarction. Second group (3-4 days) was consist of 5 patients with mild, 9 patients with moderate, and 5 patients with sever brain infarction. Third group (5-7 days) was consist of 5 patients with mild, 5 patients with moderate, and 5 patients with sever brain infarction. So, according to infarct severity (mild, moderate and severe) each temporal group of patients included uniform distribution.
Biochemical analysis
The blood and CSF samples were obtained at 9 AM from the patients (before the administration of any therapy). Peripheral blood samples were collected by venepuncture in heparinized tubes and stored on ice (+4
• C). CSF samples were collected during the lumbar puncture into the test tubes and held on ice (+4
• C). Within 1 h of collection the simples were centrifuged at 3000 rpm for 15 minutes at +4
• C. Plasma and CSF samples were stored at −70
• C until the biochemical analyses. The number of peripheral blood leukocytes was determined by hematological autoanalyzer. Albumin in CSF and plasma was measured by standard nephelometric method. The albumin coefficient (AC) was expressed as a ratio of albumin concentration in CSF and plasma, and was used to quantify the bloodbrain barrier damage.
ELISA tests
Concentrations of soluble adhesion molecules sICAM-1, sVCAM-1 and sE-Selectin were determined in plasma and CSF by ELISA-tests (R&D Systems Europe, Abingdon, UK). Plasma samples were diluted with commercial diluents for detecting sICAM-1 in ratio 1:80, for s-VCAM-1 and sE-Selectin in ratio 1:50 and all CSF samples in ratio 1:1. The ELISA kits provide wells microplate coated with a monoclonal antibody to specific human adhesion molecules. Briefly, dilute samples were applied to wells and incubated with the respective horseradish peroxides-conjugated antiadhesion molecules antibody diluted with the conjugate diluents. After incubation within 90 min at room temperature, the microplates were washed five times with base buffer. Color was developed by the addition of substrate solution (tetramethyl-benzidine). The reaction was stopped after 30 min by addition sulfuric acid. The optical density of the developed color was measured at 450 nm with a correction at 620 nm using a microplate reader (ELISA Processor II, Behring). The concentrations of soluble adhesion molecules in CSF and plasma samples (ng/ml) were calculated using a standard curve generated from absorbance values of increasing concentration of standards.
Evaluation and statistical analyses
Each assay was performed twice under identical conditions. Data are expressed as means ± SD. The statistical significance of differences between groups was assessed by Student's t−test and by regression correlation analyses for the determination of the connection between the analyzed parameters and the degree of neurological deficit. A level of p < 0.05 was considered statistically significant and p < 0.01 as very significant.
Results
Temporal patterns of peripheral blood leukocytes number and the albumin coefficient in patients with brain infraction and their values in different infarct severity
The number of peripheral blood leukocytes in patients with the brain infarction (BI) during the first seven days after the ischemia onset was statistically significant increased compared to the control value (Table 1). Maximal increase in leukocytes number was obtained within the third and the fourth day after the insult ( Table 1 ). The increase correlated to the disease severity and maximal value was found in patients with severe cerebral infarction ( Table 2) .
The albumin coefficient was expressed as a ratio of albumin concentration in CSF and plasma in the BI patients, and was used to quantify the blood-brain barrier damage. The albumin coefficient in the BI patients, during the first seven days after the insult was significantly increased compared to control (Table 1) . Maximal albumin coefficient value was determined, again, within the third and the fourth day after the insult (Table 1). The increase of albumin coefficient correlated to the disease severity and maximal value was found in patients with severe cerebral infarction ( Table 2) . 
Temporal patterns of sICAM-1, sVCAM-1 and sE-Selectin plasma concentrations in patients with brain infraction and their values in different infarct severity
Plasma level of sICAM-1 in the BI patients, during the first seven days after the insult was significantly increased compared to control value (Table 1) . Maximal sICAM-1 concentration was determined within the third and the fourth day after the insult (Table 1) . Plasma level of sVCAM-1 in the BI patients, during the first seven days after the ischemia onset was significantly increased compared to control (Table 1) . Maximal sVCAM-1 concentration was determined also, within the third and the fourth day after the insult (Table 1) . Plasma concentration of sE-Selectin in the BI patients during the first seven days after the ischemia onset was, also, significantly increased compared to control value (Table 1) . Maximal sE-Selectin concentration was determined, again, within the third and the fourth day after the insult ( Table 1 ). The increase of sICAM-1, sVCAM-1, and sE-Selectin plasma levels correlated to the disease severity and maximal values were found in patients with severe cerebral infarction ( Table 2) .
Temporal patterns of sICAM-1, sVCAM-1, and sE-Selectin concentrations in CSF in patients with brain infraction and their values in different infarct severity
CSF concentration of sICAM-1 in the BI patients during the first seven days after the ischemia onset was significantly increased compared to control (Table 1). Maximal sICAM-1 level was obtained within the third and the fourth day after the insult (Table 1) . CSF concentration of sVCAM-1 in the BI patients during the first seven days after the insult was significantly increased compared to control (Table 1 ). Maximal sVCAM-1 concentration was determined within the third and the fourth day after the insult (Table 1) . CSF concentration of sE-Selectin in the BI patients during the first seven days after the ischemia onset was significantly increased compared to control value (Table 1 ). Maximal sE-Selectin level was obtained, again, within the third and the fourth day after the insult ( Table 1) . The increase of sICAM-1, sVCAM-1, and sE-Selectin CSF levels correlated to the disease severity and maximal values were found in patients with severe cerebral infarction ( Table 2) .
Correlations between measured parameters and the infarct volume, the neurological and the functional deficit
The correlation between measured parameters and the extent of infarct volume, the degree of neurological and functional deficit was determined by linear regression analysis and expressed as correlation coefficient (R). Total number of peripheral blood leukocytes, albumin coefficient, sICAM-1, sVCAM-1 and sE-Selectin concentrations in plasma and CSF correlated significantly (p < 0.001) with the infarct volume, the degree of neurological and functional deficit (Figs 1-5 ).
Discussion
Ischemic stroke is characterized by the disruption of cerebral blood flow. This reduction of cerebral blood flow results in energy failure and secondary biochemical disturbances, eliciting a robust in situ inflammatory response. Post-ischemic inflammation is a dynamic process involving a complicated set of interactions among various inflammatory cells and molecules. The resident inflammatory brain cells, microglia, are especially activated in response to ischemic insults, many of which are regulated by nuclear transcription factor, kappa B [8, 41] . As a result, several inflammato- ry genes are expressed, leading to local generation of various cytokines, which in turn promulgate inflammatory signals. This can trigger immune responses ultimately leading to inflammatory cell activation and infiltration. Inside of inflammatory infiltrate the presence of macrophages, endothelial cells, leukocytes, microglia, oligodendrocytes, astrocytes and immune cells was found [21] . Meanwhile, endothelial cells lining the local cerebral blood vessels are stimulated to produce adhesion molecules, causing the migration of peripheral circulating leukocytes into the compromised brain tissue, an event that amplifies inflammatory signaling cascades [4, 29] . Post-ischemic inflammation appears to serve multiple purposes, depending on its timing and magnitude, as well as the topographic distribution of various inflammatory molecules. Data from experimental manipulations of some inflammatory molecules are yielding insight into therapeutic strategies for ischemic stroke [41] . In the last few years, many studies focused on the inflammatory reactions in the zone of ischemic penumbra. The inflammation appeared as secondary phenomenon, as an answer to the acute injury of cerebral tissue [5, 37] .
Experimentally and clinically, stroke is followed by both acute and prolonged inflammatory responses characterized by the production of inflammatory cytokines and leukocyte infiltration into the brain. Our results showed significant increase in number of peripheral blood leukocytes with the highest value within the third and the fourth day after the insult. Also, we found significant correlation between number of leukocytes and the infarct volume, the neurological and the functional deficit. At the same time, we detected maximal increase of albumin coefficient, a marker of cerebrovascular barrier injury. Damage of the blood-brain barrier is a critical event leading to vasogenic edema, leukocytes invasion, and secondary brain injury. Blood-brain barrier damage can further potentiate brain tissue injury and contribute to secondary ischemic brain damage by permitting blood elements to enter the brain [35, 39] . In acute brain infarction, generation of thrombin, oxygen radicals, and other stimulants of endothelial cells and leukocytes leads to an increase of both endothelial and leukocyte adhesion molecules expression,which in turn leads to further adhesion of leukocytes and subsequent release of cytokines and oxygen radicals, increase of tissue damage, and stimulation of endothelial cells and leukocytes, in an ongoing cycle [12, 33, 41] . There are not enough data about extra-and intracellular processes controlling the induction and the expression of adhesion molecules during the brain ischemia. Possible mediator could be nuclear factor κB (NF-κB), which has important role in regulation of adhesion molecules transcription, activated by different factors induced by ischemia, including active oxygen forms, and proinflammatory mediator products, such as IL-1, TNF-α etc. [6, 21, 26, 38] .
Until now, only few studies about soluble adhesion molecules in patients with brain ischemia were done, but data were controversial, due to small patient groups or inadequate controls [2, 9, 14, 15, 32] . Also, the results were explained in association with vascular CNS diseases. Our results showed significant increase of sICAM-1, sVCAM-1 and sE-Selectin concentrations in CSF and plasma in the acute period of brain infarction patients. Within the first seven days after the ischemia onset, temporal pattern non-linearity of sICAM-1, sVCAM-1 and sE-Selectin levels in plasma and CSF was detected. Maximal values were determined within the third and the fourth day after the insult. High levels of soluble adhesion molecules in CSF in the patients with BI are likely consequence of massive blood-brain barrier damage, which allows adhesion molecules to pass from plasma intro the CSF. However, in the patients with moderate and mild BI, neuronal damage is less expressed so levels of adhesion molecules are proportionally lower than in severe BI.
The role of each soluble adhesion molecule in pathophysiological events during brain ischemia is still unknown. It was previously shown that sICAM-1 in circulation can block lymphocyte adhesion on cerebral endothelia [31] . It is possible that sICAM have a role in the restriction of the other inflammatory reactions of endothelia. Also, sE-Selectin in blood acts as proinflammatory agents activating neutrophiles. But on the other side, sE-Selectin have surface competition ability and can inhibit leukocytes adhesion on endothelia in the inflammation site [10, 28] . According to that, and our study as well, it is possible that soluble adhesion molecules can emerge pro-inflammatory and antiinflammatory characteristics, depending of the concen- tration and presence of other mediators on a place of inflammation.
When ischemic neuron damage reached certain threshold toxical mediators are released. The inflammation, secondary damaged glia and vascular tissue can emphasized already existing neuron damage and spread it. There is certain time latency between these two events. This is the possibility for appropriate therapy use which will prevent the beginning and the expansion of secondary damage. Molecular markers of inflammation can be useful tools for the management of patients with ischemic stroke, during the acute phase and to predict prognosis and prevent the risk of a new vascular event.
Conclusions
In our study the highest values of investigated parameters were noted within the third and the fourth day after the brain ischemia onset, which is the suggested period of maximal intensity of inflammatory reactions. Also, we demonstrate significant correlation between determined parameters in CSF and plasma with the extent of infarct volume and the degree of neurological and the functional deficit. Our result showed that investigated parameters in CSF and blood represent a dynamic index of inflammatory events as one of the fundametal mechanisms responsible for neuron damage during acute phase of brain infarction.
